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(57) ABSTRACT

In an optical coupled isolation circuit, a PWM encoder
encodes a one-bit binary data signal supplied from a sigma-
delta analog-digital converter 1in synchromization with a
clock signal of a cycle T to produce a pulse width modula-
tion signal. The pulse width modulation signal includes a
narrower pulse having a width of 1/T and a wider pulse
having a width ot 3/T according to binary codes “0”” and “1”.
The pulse width modulation signal i1s transmitted to a
decoder as a recovered pulse width modulation signal
through a light emitting device, a light detector and an
optical recovery circuit. A decoder decodes the recovered
pulse width modulation signal at timing of a half of the clock
cycle from each rising edge of the recovered pulse width
modulation signal. The rising edge 1s synchronized with the
clock signal. Thus, the clock signal and the data signal can
be transmitted in one channel.
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OPTICAL COUPLED TYPE ISOLATION
CIRCUIT

This application claims priornity to prior application JP
2003-119232, the disclosure of which 1s incorporated herein
by reference.

BACKGROUND OF THE INVENTION

This mvention relates to an optical coupled type 1solation
circuit which 1s used to transmit an analog signal with high
accuracy from an input part to an output part 1n a state that
the mput part and the output part are electrically isolated
from each other. In particular, this invention relates to an
optical coupled type 1solation circuit capable of reliable
transmission of a one-bit data signal together with a clock
signal easily.

An existing 1solation circuit, e.g. an 1solation amplifier, 1s
used 1n various places, such as a factory, a plant, a hospital
providing medical instruments, or the like to remove large
common mode noises and/or to secure safety. The large
common node noises are frequently caused at a place, e.g.
the factory or the plant, where high power apparatuses and
high sensitive electronic devices, which have diflerent
source voltages of over 1000 volts, are arranged close to one
another.

A type of the 1solation amplifier using a photo coupler
transmits a signal 1 a form of light and thereby obtains
clectrical 1solation between mnput and output parts thereof.
Accordingly, the type of the 1solation amplifier using the
photo coupler 1s superior to a type of the 1solation amplifier
using an electromagnetic coupling in resistance to noises.

The 1solation amplifier using the photo coupler, for
example, 1s provided between a motor (or an AC servo, or
an mverter for the motor) and a precision instrument, such
as a microcomputer as a controller for the motor, in the
tactory or the plant to control the motor with high accuracy.

To improve accuracy and to reduce a cost of the 1solation
amplifier, a sigma-delta modulation 1s employed 1n an
optical 1solation amplifier. However, the optical 1solation
amplifier can not transmit a clock signal from an 1nput part
to an output part thereot, even 11 the clock signal 1s necessary
in the output part.

Such an optical 1solation amplifier 1s disclosed 1n U.S. Pat.
No. 5,287,107 or Japanese Patent Publication No. 3174200.

As another exiting 1solation circuit, there 1s a digital-
analog (D/A) converter which adopts a pulse width modu-
lation method.

The D/A converter converts input digital data into a pulse
width modulation signal. The pulse width modulation signal
1s transmitted from an nput part to an output part through a
photo coupler. In the output part, the pulse width modulation
signal 1s converted into an analog signal.

However, the D/A converter has a problem that jitters are
caused to rising edges and falling edges of a light signal 1n
the photo coupler and superimposed on the analog signal.

Such a D/A converter disclosed in Unexamined Japanese
Patent Publication No. 6-209261.

SUMMARY OF THE INVENTION

It 1s therefore an object of this 1nvention to provide an
optical coupled type i1solation circuit capable of transmitting
a clock signal together with a one-bit binary data signal from
an input part to an output part.
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Another object of this mvention 1s to provide an optical
coupled type 1solation circuit capable of transmitting an
analog signal with high accuracy.

Other objects of this invention will become clear as the
description proceeds.

According to an aspect of this invention, a binary data
encoding circuit comprises an nput terminal to receive
one-bit binary data signal. An encoding portion 1s connected
to the input terminal to encode the one-bit binary data signal
in a predetermined cycle T. An output terminal 1s connected
to the encoding portion to output an encoded signal. The
encoding portion adopts a pulse width modulation method to
produce two pulses which have diflerent widths according to
binary codes “0” and *“1” of the one-bit binary data signal.

According to another aspect of this ivention, a binary
data decoding circuit 1s for decoding an encoded signal
which 1s obtained by encoding one-bit binary data signal in
a predetermined cycle T and by means of a pulse width
modulation method. The binary data decoding circuit com-
prises an input terminal to receive the encoded signal. A
decoding portion 1s connected to the mput terminal to
decode the encoded signal. An output terminal 1s connected
to the decoding portion to output a decoded signal. The
decoding portion discriminates binary codes “0” and “1”
according to a level of the encoded signal at timing of a half
of the predetermined cycle T from each rising edge of the
encoded signal.

According to further still another aspect of this invention,
an optical coupled type 1solation circuit comprises a sigma-
delta analog-digital converter for converting an input analog
signal mto a one-bit binary data signal. An encoder 1s
connected to the sigma-delta analog-digital converter to
encode the one-bit binary data signal and produces a pulse
width modulation signal which 1s synchronized with a clock
signal for the sigma-delta analog-digital converter. A light
emitting device 1s connected to the encoder and produces a
light pulse signal according to the pulse width modulation
signal. A light detector 1s optically coupled with the light
emitting device and receives the light pulse signal from the
light emitting device to produce a received electrical signal.
An optical recovery circuit 1s connected to the light detector
and recovers the pulse width modulation signal from the
received electrical signal to produce a recovered pulse width
modulated signal. A decoder 1s connected to the optical
recovery circuit and decodes the recovered pulse width
modulation signal to produce a decoded one-bit binary data
signal and a recovery clock signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an existing optical 1solation
amplifier;

FIG. 2 1s a schematic diagram of a existing digital-analog
converter employing a pulse width modulation method,;

FIG. 3 1s a block diagram of an optical coupled type
1solation circuit according to a preferred embodiment of this
imnvention;

FIG. 4 1s a diagram for describing an operation of the
optical coupled type isolation circuit of FIG. 3;

FIG. 5 1s a block diagram of a delay locked loop circuit
which can be used in a pulse width modulation decoder
included 1n the optical coupled type 1solation circuit of FIG.
3

FIG. 6 1s a time chart for describing an operation of the
delay locked loop circuit of FIG. 5;
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FIG. 7 1s a block diagram of a phase locked loop circuit
which can be used 1n the pulse width modulation decoder
included in the optical coupled type 1solation circuit of FIG.
3: and

FIG. 8 1s a time chart for describing an operation of the
phase locked loop circuit of FIG. 7,

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, a description will be first directed to
an existing optical 1solation amplifier with a sigma-delta
modulation.

As 1llustrated 1 FI1G. 1, the optical 1solation amplifier has
a transmitting part and a receiving part which are depicted
at upper and lower sides of FIG. 1, respectively. While the
transmitting part includes a transmitting chip 110 and a light
source (or a light emitting diode (LED)) 115, the receiving
part includes a receiving chip 120. The transmitting chip 110
and the receiving chip 120 are provided as integrated
circuits.

An 1nput analog signal 1s supplied to a sigma-delta
analog-digital converter 111 through 1nput pads as a difler-
ential voltage signal Vin+ and Vin-.

The sigma-delta A/D converter 111 i1s connected to a
reference voltage generator 112 and receives a reference
voltage from a reference voltage generator 112. The sigma-
delta A/D converter 111 provides a chopper-stabilized
sigma-delta circuit (not shown) and converts the analog
signal 1nto a one-bit binary data signal with reference to the
reference voltage. The sigma-delta A/D converter 111 sup-
plies the one-bit binary data signal to an encoder 113.

The encoder 113 encodes the one-bit binary data signal
into an edge-encoded pulse signal. In other words, the
encoder 113 generates a pulse whenever the one-bit binary
data signal changes between “0” and 1.

The edge-encoded pulse signal 1s transmitted to the
receiving chip 120 1 an optical form through a current
source 114 and the light source 115.

The light source 115 forms a photo coupler for one
channel together with a light detector 121. The light source
115 emats a light signal corresponding to the edge-encoded
pulse signal while the light detector 121 detects the light
signal from the light source 115.

In the receiving chip 120, the light detector 121 produces
a detected encoded pulse signal according to the light signal.
An optical recovery circuit 122 recovers the encoded pulse
signal from the detected encoded pulse signal to produce a
recovered encoded pulse signal.

The recovered encoded pulse signal 1s supplied to a
decoder 123 and changes a state of a toggle flip-flop circuit
(not show) of a decoder 123. The toggle thp-flop circuit does
not respond to falling edges of the detected pulse signal but
responds to rising edges of the detected pulse signal. Con-
sequently, pulse width distortion of the edge-encoded pulse
signal 1s eliminated from the recovered encoded pulse
signal. Thus, the decoder 123 decodes the recovered
encoded pulse signal into two decoded signals without
influence of the pulse width distortion.

Meanwhile the encoder 113 includes a high-state pulse
stretcher (not shown) while the decoder 123 includes a dual
one-shot (or two-shot) circuit (not shown). The high-state
pulse stretcher and the two-shot circuit allow accurate
phases 1n the decoded signals.

The D/A converter 124 converts the decoded signals 1nto
converted signals without clock information. The analog
filter 125 filters the converted signals to produce filtered
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analog signals. The filtered analog signals are supplied
output pads as a differential voltage signal Vout+ and Vout-.

Thus, the existing optical 1solation amplifier transmits the
analog signal from the input part to the output part 1n a state
that the output part 1s electrically 1solated from the input
part. However, the existing optical isolation amplifier
employing edge encoding can not transmit clock informa-
tion from the input part to the output part though the output
part needs the clock information.

Manchester coding 1s known as an encoding method
which 1s capable of transmitting a clock signal together with
a data signal. However, Manchester code causes jitters when
rising edges and falling edges of optical pulses 1n the optical
1solation amplifier are not matched.

Generally, 1t 1s necessary to match the rising edges with
the falling edges of the optical pulses 1n the optical trans-
mission system. However, 1t 1s diflicult to accurately match
the rising edges with the falling edges of the optical pulses.
This 1s because an LED deteriorates with time elapse and a
receiving circuit of the optical transmission system has a
response characteristic varied by intensity of received light.
In addition, though a low speed LED 1s desirable from the
viewpoint of cost, Manchester code needs a relatively broad-
band (or high speed) LED.

In the meantime, there 1s an existing digital-analog (ID/A)
converter adopting a photo coupler and a pulse width
modulation method.

Retferring to FIG. 2, the D/A converter has an 1solation
type D/A converting unit 210. In the D/A converting unit
210, a PWM converter 211 executes pulse width modulation
to produce a pulse width modulation (PWM) signal whose
pulses having width according to mnput digital data supplied
from an mput portion 220. A photo diode of a photo coupler
212 converts the PWM signal supplied from the PWM
converter 211 1nto a light signal while a photo transistor of
the photo coupler 212 converts the light signal mnto a
recovered PWM signal. A low pass filter 213 has a smooth-
ing circuit and filters the recovered PWM signal supplied
from the photo coupler 212 and to convert 1t into a direct
voltage signal. A buller amplifier 214 amplifies the direct
voltage signal supplied from the low pass filter 213 and
outputs it as analog voltage signal.

The D/A converter further includes a pulse width modu-
lation (PWM) portion 230 to produce a feedback signal
which 1s used 1 a micro computer 240 to confirm that the
analog voltage signal 1s correctly converted. The PWM
portion 230 converts the analog voltage signal into a binary
data signal by the use of a predetermined reference voltage
and converts the binary data signal into a feedback pulse
width modulation signal. Thereafter, the feedback PWM
signal 1s converted mnto a feedback digital signal to be
compared with the mput digital signal by the micro com-
puter 240.

It seems that the existing ID/A converter 1s usetul for an
optical coupled type isolator circuit when 1t 1s combined
with an analog-digital converter. However, the existing D/A
converter has a problem that jitters are caused to rising edges
and falling edges of the light signal by the photo coupler 212
and superimposed on the direct voltage signal (or the analog
voltage signal).

As mentioned below, this invention employs a pulse width
modulation method that binary codes “0” and “1” are
represented by pulses having different widths. One of the
different widths 1s smaller than a half of a clock cycle T by
a predefined offset while the other is larger than the half of
the clock cycle T by the predefined ofiset. The pulses have
rising edges which coincide with a clock signal. Accord-
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ingly, if discrimination 1s made at timing of a half of the
clock cycle T from each rising edge, the pulses are correctly
decoded. The predefined offset 1s a margin for accuracy of
the discrimination. Thus, the PWM method facilitates dis-
crimination of the binary codes “0” and “1” at an output part
which 1s electrically i1solated from an input part. The pre-
defined oflset and the timing are properly selected to easily
obtain stable decoding.

Referring to FIG. 3, the description will be made of an
optical coupled type isolation circuit according to a pre-
terred embodiment of this mnvention.

The optical coupled type 1solation circuit has an iput part
including a transmitting chip 10 and a light emitting device
(LED) 15, and an output part including a receiving chip 20.
The mput part and the output part are electrically 1solated
from each other.

The transmitting chip 10 includes input pads Vin+ and
Vin-, a sigma-delta analog-digital converter 11 (hereimnafter
abbreviated to an A/D converter) which 1s connected to the
input pads, a clock generator 12 which 1s connected to the
A/D converter 11, a pulse width modulation (PWM) encoder
13 which 1s connected to the A/D converter 11 and the clock
generator 12, and a LED driver 14 which 1s connected to the
PWM encoder 13 and the LED 185.

The receiving chip 20 includes an optical detector 21, an
optical recovery circuit 22 which 1s connected to the detector
21, a PWM decoder (or a delay locked loop (DLL) circuit)
23 which 1s connected to the optical recovery circuit 22, a
digital-analog (A/D) converter 24 which 1s connected to the
PWM converter 23, an output circuit 25 which 1s connected
to the D/A converter 24, analog signal output pads (Vout+
and Vout-) which are connected to the D/A converter 24,
and digital signal output pads (DATA and CLOCK) which
are connected between the PWM decoder 23 and the D/A
converter 24. Though the receiving chip 20 is electrically
isolated from the mput part as mentioned above, the optical
detector 21 1s optically coupled with the LED 15 of the input
part.

Referring FIG. 4 in addition to FIG. 3, the principal
operation of the 1solation circuit will be described soon.

As 1llustrated 1n FIG. 4, when a clock signal generated by
the clock generator 12 has a clock cycle of “T”, a pulse
width modulation (PWM) signal produced in the transmit-
ting part includes two pulses having diflerent widths accord-
ing to binary codes “0” and “1”. The narrower one of the
different width 1s narrower than the half of the clock cycle
“T” by a predefined oflset value while the wider one 1s wider
than the half of the clock cycle “T” by the predefined oflset
value. If the off set value, for example, 1s equal to a quarter
of the clock cycle ““1”, the binary code “0” and “1” are
represented by the width of “T/4” and “3T1/4”, respectively.
The PWM signal has rising edges which are synchronization
with the rising edges of the clock signal regardless of the
width of the pulses.

Particularly, input analog signals are (or a differential
analog signal 1s) supplied to the sigma-delta A/D converter
11 through the input pads Vin+ and Vin—-. The clock signal
generated by the clock generator 12 1s also supplied to the
sigma-delta N/D converter 11. The sigma-delta A/D con-
verter 11 converts the analog signals into a one-bit binary
data signal in synchronization with the clock signal. The
one-bit binary data signal 1s supplied to the PWM encoder
13. The PWM encoder 13 simultaneously produces a nar-
rower pulse having the period of “1/4” and a wider pulse
having the period of “3T/4” from the clock pulse supplied
from the clock generator 12. In addition, the PWM encoder
13 selects either the narrower pulse or the wider pulse
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according to the one-bit digital binary data signal. That 1s,
the PWM encoder 13 supplies the narrower pulse to the LED
driver 14 when the one-bit binary data signal represents the
binary code “0”. On the other hand, the PWM encoder 13
supplies the wider pulse to the LED driver 14 when the

one-bit binary data signal represents the binary code “17.

Thus, the PWM signal output from the PWM encoder 13

has clock information represented by rising edges having the
cycle of “T” and data information represented by pulse
widths along a time axis. The PWM signal 1s transmitted
from the input part to the output part in a form of light
through the photo coupler formed by the LED 15 and the
optical detector 21. That 1s, the LED 15 produces a light
pulse signal according to the PWM signal while the optical
detector 21 receives the light pulse signal from the LED 15.

As understood from FIG. 4, the PWM signal can be
reconverted into a binary data signal by detecting a level
(“H” or “L”) of the PWM signal at timing of a half cycle
“T/2” from each rising edge of the PWM signal. That is,
when the PWM signal has a low level “L” at the timing of
the half cycle T/2 from the rising edge, a receiving datum 1s
decided to “0”. Contrary, when the PWM signal has a high
level “H” at the timing of the half cycle “1/2” from the rising
edge, the receiving datum 1s decided to “1”. Because each
pulse of the PWM signal has a margin of T/4, the decision
can be executed with high accuracy.

In Particular, the PWM signal 1s transmitted to the output
part in an optical form. The optical detector 21 detects the
light pulse signal based on the PWM signal and converts 1t
into a recerved electrical signal. The optical recovery circuit
22 recovers the PWM signal from the received electrical
signal as a recovered PWM signal. The PWM decoder 23
regenerates the clock information according to rising edges
of the received PWM signal. Because pulse widths of the
recovered PWM signal are not used to recover the clock
information, the recovered clock information 1s free from
pulse width distortion, which 1s caused by the photo coupler,
of the recovered PWM signal. The pulse width distortion, for
example, 1s caused by variation of light intensity of the LED
15 and/or deterioration with time elapse of the LED 15.

To respond to a request of digital output, the PWM
decoder 23 1s connected to the output pads DATA and Clock.
The PWM decoder 23 supplies the recovered clock signal
and the decoded one-bit binary data signal for the output
pads DATA and Clock, respectively. To respond to a request
of an analog differential signal, the PWM decoder 23
supplies the recovered clock signal and the decoded one-bit
binary data signal to the D/A converter 24. The D/A con-
verter 24 converts the decoded one-bit binary data signal
into analog converted signals (or a converted diflerential
signal) by the use of the recovered clock signal. The output
circuit 25 1ncludes a low pass filter (not shown) and filters
the analog converted signals to produce output analog
signals (or an output differential signal). The output analog
signals are supplied to the output pads Vout+ and Vout-.

With the above mentioned structure, the output part can
receive the data with high accuracy without receiving inde-
pendent clock signal from the imput part. Furthermore, the
predefined oflset, which i1s the margin, of the PWM 31gnal
can be changed as far as the shorter pulse (for “07) 1s
discriminable. Accordingly, by enlarging the margin, the
discrimination of the PWM signal becomes easily and the
accuracy thereol becomes higher.

Next, referring to FIGS. 5 and 6, the description will be
made about an example of the DLL circuit used in the PWM

decoder 23.
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In FIG. §, the DLL circuit includes a phase frequency
detector (PFD) 31, a charge pump (CP) 32 which 1s con-
nected to the PFD 31, a voltage controlled delay line
(VCDL) 33 which 1s connected to the charge pump 32, and
a lock detector (LLD) 34 connected between the VCDL 33
and the CP 32.

To operate the DLL circuit, 1t 1s desirable that the input
signal supplied to the DLL circuit has a duty ratio of 50%.
So a frequency divider (not shown) frequency divides an
input pulse signal (or the recovered PWM signal) Sig_enc
by a division ratio 2 to produce a divided input signal Sig_in
having the duty ratio of 50%. The 1input pulse signal Si1g_enc
and the divided input signal Sig_1in are depicted at first and
second rows of FIG. 6.

As 1llustrated 1n FIG. 6, the divided input signal Sig_in
has a cycle of “2T” which 1s equal to two cycles of the input
pulse signal S1g_enc. The divided input signal Si1g_1n 1s used
for locking of the DLL circuit and includes mformation for
two cycles of the input pulse signal Sig_enc.

Because the VCDL 33 includes differential delay circuits
(not shown), an inverter (not shown) 1s used to produce a
differential signal (Sig_in and Sig_in_) from the divided
input signal Sig_in which 1s a single-ended signal. Each of
the differential delay circuits consists of a differential
inverter and delays the differential signal by a fixed delay
time. The VCDL 33 further converts delayed differential
signals delayed by the differential delay circuits to delayed
single-ended signals S1g_vcdl-N (N:1, 2, ..., M) (see third
to sixth rows of FIG. 6). Here, M represents the number of
the differential delay circuits (or delay stages 1n the VCDL
33). For mnstance, M 1s equal to four. The Nth delayed
single-ended signal Sig_vcdl-M 1s also output as an output
(or feedback) signal Sig_vcdl-out.

The PFD 31 compares the divided mnput signal Sig_in
with the output signal Sig_vcdl-out and produces up or
down signal according to the comparison result. The CP 32
produces a control voltage V -, to supply 1t to the VCDL
33. The PFD 31 and the CP 32 operates so that the output
signal S1g_vcdl-out coincides with the divided input signal
S1g_1n 1n frequency and phase.

The LD 34 detects, by the use of the delayed single-ended
signals Sig_vcdl-N, a state that the DLL circuit 1s locked
correctly. When the delay of the VCDL 33 1s too small, the
LD 34 controls the CP 32 to produce the control voltage
V . which enlarges the delay ot the VCDL 33 regardless of
the PFD 31. To the contrary, when the delay of the VCDL 33
1s too large, the LD 34 controls the CP 32 to produce the
control voltage V ., which reduces the delay of the VCDL
33 regardless of the PFD 31.

In a locked state of the DLL circuit, the output signal
Si1g_vcdl-out coincides with the divided nput signal Sig_1in
in frequency and phase. In the state, the output signal
Sig_vcdl-out 1s delayed by one cycle (=21”") from the
divided input signal Sig_in. Assuming that the fixed delay
time of the each delay stage i the VCDL 33 1s equal to
“AT”, the Nth delayed single-ended signal Sig_vcdl-N 1s
delayed from the divided input signal Sig_1in by a delay time
of “ATxN”. In the locked state, the total delay time of the
VCDL 33 1s equal to 2T as mentioned above while the
second delayed single-ended signal Sig_vedl (M/2) 1s
delayed from the divided input signal Sig_in by a delay time
of “I”” which 1s a half of the total delay time of “2T"".

If the rising edge of the first delayed single-ended signal
Sig_vcedl-1 (M/4) 1s used to discriminate the input pulse
signal Si1g_enc, a first (or former) datum during a period
corresponding to one cycle of the divided imput signal S1g_1n
can be decoded. Similarly, 1t the rising edge of the third
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single-ended signal Sig_vcdl-3 (3M/4) 1s used to discrimi-
nate the mput pulse signal Sig_enc, a second (or latter)
datum during the period corresponding to one cycle of the
divided mnput signal Sig_in can be decoded. The decoded
data 1s depicted 1n the bottom row of FIG. 6.

Thus, the PWM decoder 23 can extract the data from the
recovered PWM signal by means of the DLL circuit.

In addition, the clock signal can be recovered by syn-
chronizing the rising edges thereof with the rising edges of
the mput pulse signal Sig_enc and by synchromizing the
falling edges thereol with the rising edges of the first and the
third delayed single-ended signals Sig_vcedl-1 (M/4) and
S1g_vedl-3 (3M/4). The recovered clock signal has a cycle
of T and a duty ratio of 50% as depicted at a bottom row of
FIG. 6.

Alternatively, the PWM decoder 23 may include a phase
locked loop (PLL) circuit mstead of the DLL circuit.

Referring to FIGS. 7 and 8, the PLL circuit which 1s
usable 1n the PWM decoder 23 will be described soon.

In FIG. 7, the PLL circuit includes a phase frequency
detector (PFD) 41, a charge pump (CP) 42 which 1s con-
nected to the PFD 41, a loop filter 43 which 1s connected to
the CP 42, a voltage controlled oscillator (VCO) 44 which
1s connected to the loop filter 43, and a frequency divider 45
which 1s connected between the VCO 44 and the divider 45.

FIG. 8 shows a time chart for describing an operation of
the PLL circuit 1n a case where the PLL circuit has a dividing
ratio of “1”.

The PLL circuit operates In a well known way.

When the PLL circuit 1s locked to the mput pulse signal
Si1g_enc, an output signal Sig_pll coincides with the 1nput
pulse signal S1g_enc 1n frequency and phase. If the falling
edge of the output signal Sig_pll 1s used to discriminate the
iput pulse signal Sig_enc, a datum can be decoded as
shown 1n FIG. 8.

Thus, the PWM decoder 23 can extract the data from the
recovered PWM signal by means of the PLL circuit, Fur-
thermore, the output signal Sig_pll corresponds to the recov-
ered clock signal extracted from the input pulse signal
S1g_enc.

According to the embodiment, the data and the clock
information can be transmitted from the input part to the
output part through only one channel. This 1s because the
rising edges and the widths of the pulses are used to transmait
the data and the clock information, respectively. Therelore,
the output part can recover the clock signal and decode the
encoded data signal. In addition, if the pulse widths and
discrimination timing are properly established, required
performance for the light source becomes less.

The optical coupled type 1solation circuit transmits one-
bit binary data at a predetermined frequency (or a period T)
by the means of PWM method. Because the rising edges or
the falling edges of the pulses are used to superpose the
clock information, the data and the clock information are
casily transmitted at the same time. In the output part, the
data can be decoded by discriminating at timing of a middle
of the period T. Therefore, the invention 1s not limited nto
the 1solation circuit. For mstance, the invention 1s applicable
to a transmitting system that the number of the transmission
channels 1s limited.

What 1s claimed 1s:

1. A binary data encoding circuit comprising:

an mput terminal for receiving a one-bit binary data

signal;

an encoding portion connected to said input terminal for

encoding the one-bit binary data signal 1n a predeter-
mined cycle T; and
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an output terminal connected to said encoding portion for

outputting an encoded signal,

wherein said encoding portion adopts a pulse width

modulation method to produce two pulses which have
different widths according to binary codes “0” and “1”
of the one-bit binary data signal.

2. A binary data encoding circuit as claimed 1n claim 1,
wherein a narrower one of the different widths 1s narrower
than a half of the predetermined cycle T by a predefined
oflset value and a wider one of the diflerent widths 1s wider
than the half of the predetermined cycle T by the predefined
oflset value.

3. A bmary data encoding circuit as claimed in claim 1,
wherein a narrower one of the different widths 1s substan-
tially equal to a quarter of the predetermined cycle T and a
wider one of the different widths 1s substantially equal to
three quarters of the predetermined cycle T.

4. A binary data decoding circuit for decoding an encoded
signal which 1s obtained by encoding a one-bit binary data
signal 1n a predetermined cycle T and by means of a pulse
width modulation method, said binary data decoding circuit
comprising;

an 1mput terminal for receiving the encoded signal;

a decoding portion connected to said mmput terminal for

decoding the encoded signal; and

an output terminal connected to said decoding portion for

outputting a decoded signal,

wherein said decoding portion discriminates binary codes

“0” and “1” according to a level of the encoded signal
at a timing of a half of the predetermined cycle T from
cach rising edge of the encoded signal.
5. A binary data decoding circuit as claimed 1n claim 4,
wherein one of the binary codes “0” and “1” 1s represented
by a narrower pulse of the encoded signal that 1s narrower
than the half of the predetermined cycle T and the other 1s
represented by a wider pulse of the encoded signal that 1s
wider than the half of the predetermined cycle T.
6. An optical coupled type 1solation circuit comprising:
a sigma-delta analog-digital converter for converting an
input analog signal 1into a one-bit binary data signal;

an encoder connected to said sigma-delta analog-digital
converter for encoding the one-bit binary data signal to
produce a pulse width modulation signal which has a
predetermined pulse width in accordance with the
one-bit binary data signal and 1s synchronized with a
clock signal for the sigma-delta analog-digital con-
verter;,
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a light emitting device connected to said encoder for
producing a light pulse signal according to said pulse
width modulation signal;

a light detector optically coupled with said light emitting,
device for receiving the light pulse signal from said
light emitting device to produce a receirved electrical
signal;

an optical recovery circuit connected to said light detector
for recovering the pulse width modulation signal from
the received electrical signal to produce a recovered
pulse width modulated signal; and

a decoder connected to said optical recovery circuit for
decoding the recovered pulse width modulation signal
to produce a decoded one-bit binary data signal and a
recovery clock signal.

7. An optical coupled type 1solation circuit as claimed 1n
claim 6,

wherein the pulse width modulation signal includes two
pulses for representing binary codes “0” and “1”, and

wherein one of the pulses has a narrower width narrower
than a half of a clock cycle of the clock signal by a
predetermined offset value while the other has a wider
width wider than a half of the clock cycle by the
predetermined oflset value.

8. An optical coupled type 1solation circuit as claimed 1n
claiam 7, wherein said decoder discriminates binary codes
“0” and *“1” according to a level of the pulse width modu-
lation signal at a timing of a half of the clock cycle from each
rising edge of the pulse width modulation signal.

9. An optical coupled type 1solation circuit as claimed 1n
claim 8, wherein said decoder includes a delay locked loop
circuit which operates 1n synchromzation with rising edges
of the pulse width modulation signal and defines the timing.

10. An optical coupled type 1solation circuit as claimed in
claim 6, further comprising:

a sigma-delta digital-analog converter connected to said
decoder for converting the decoded one-bit binary data
signal into a converted analog signal, and

an analog filter connected to said sigma-delta digital-
analog converter for filtering the converted analog

signal to produce a filtered analog signal.
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